A periodic table for the genetic code has previously been described 1 . In order to examine the utility of the proposed table, I will provide a brief explanation of the biology of the influenza A/H3N2 virus hemagglutinin (HA) gene.
Influenza viruses belong to the Orthomyxoviridae family and are divided into three types, A, B, and C. These types are distinguished by their antigenic proteins and their ability to infect humans. Of these three types, the greatest threat of a pandemic is attributed to type A strains, which infect animals, including pigs, birds, and humans. The best known influenza pandemic is the 1918 "Spanish flu", which remains the worst pandemic in history, having resulted in about 50 million deaths worldwide. In contrast, type B viruses cause a benign disease, and infections from type C viruses are infrequent.
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The influenza A virus is a negativestranded RNA virus. Influenza A viruses are divided into many subtypes based on major differences in the two surface proteins, hemagglutinin (HA) and neuraminidase (NA). The 16 known subtypes of HA (H1H16) and nine subtypes of NA (N1N9) occur in many different combinations. The H1N1 and H3N2 subtypes circulate most frequently in humans. The HA proteins are responsible for binding to receptors on host cells and initiating infection, whereas the NA proteins cleave the terminal sialic acid residue from glycoconjugates and are essential for viral proliferation and infectivity 25 . In short, the HA proteins are the principal target of the host's immune system. For this reason, the HA protein is of critical importance.
Influenza viruses outwit their hosts by accumulating base replacements in their genomic
RNA, including genetic modulation of HA, which can transition a benign strain into a highly 4 virulent one. These mutations also reduce the efficacy of available influenza vaccines. It would be helpful to know the principles that govern mutations in the influenza virus genome in order to optimize the treatment of influenza infections.
The purpose of this paper is not to provide a perfect governing principle describing mutations in the influenza A virus HA gene, but to investigate the applicability of a periodic table for the genetic code of a biological system and to determine whether the mutations in influenza virus genes involve base changes between two special congener codons. Other groups have previously presented periodic tables for the genetic code, but most of these tables describe the origin and development of the genetic code 69 . Such a table has not previously been applied to an ongoing biological process. Therefore, I focus on single point mutations in the HA genes of the contemporary H3N2 influenza A subtype.
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Theoretical model
To provide support for a biological analog of a periodic table of the chemical elements, I
initially provide an example of such a periodic table for the genetic code (Table 1) . 1) Change each of the codon decimal numbers, which range from 0 to 63, into a 6digit binary number.
2) Assign each deoxyribonucleotide base to a 2digit binary number based on the following rule: C = 00, U = 11, G = 10, and A = 01.
(
This assignment is based on two scenarios of basepairing of the standard genetic code one in which there is no basepairing between cytosine (C) and uracil (U), and another in which most are WatsonCrick base pairs, guanine-cytosine (GC) and adenine-uracil (AU), but some are nonWatsonCrick base pairs, such as GU and GA. These events can be represented by the following conditions: a base pair is indicated when two 2digit binary numbers share at least a single common digit, and a base pair is not indicated when these numbers do not share a digit, such as bases C and U (CU). Thus condition (2) is attained and one of four possible schemes is then possible for condition (1) .
{C, U} = {(00), (11)} and {G, A} = {(10), (01)} .
Method
The study of mutations in influenza virus genes involves two tasks. First, one must determine the specific codons of the variants. Second, one must determine which of the candidate variants is more dominant. , and a new index called IN were employed. The first two tools will be explained below.
Results and Discussion
What is the codon of the variant ? (The first task)
The sample populations of the viruses circulating in the three study years, 19931995, included 26 (1993), 11 (1994) Table 1 and presented in Fig. 1a , b, and -c, respectively. 
, where n is the position number of a mutated codon base. Formulae (3) represents all of the observed shift factors in Table 2 , including the numbers in parentheses. Table 2 Summary of mutation shift factors observed in the researched strains Table 2 shows that, when the third base, U, of the standard codon mutates into the third base, C, of the variant codon, the mutation shift factor is 48 and is situated in row U, column C (3 rd ). In the reverse case (the third base, C, of the standard codon mutates into the third base, U, of the variant), the shift factor is 48 and is situated in row C, 16 column U (3 rd ). The numbers in parentheses are not observed within the limits of the data (the three study years: 19931995).
These data suggest that Table 1 Tables and Figure) .
Which variant codon has a higher priority mutation? (The second task)
Does a single point mutation favor a combination of codon bases under specific chemical conditions ? Obtaining a solution to this second task is a formidable challenge, because base 17 replacements depend on a variety of factors, such as the polarity and hydropathy (hydrophilicity/hydrophobicity) of amino acids/ nucleotides, the ionic strength of neighboring chemicals. In addition, variant bases may themselves exert a dominant influence on sequential base changes 13 . The chemical surroundings of each organ in a living system differ. One constant in this system is that all mutation reactions occur in aqueous solutions.
Thus, for the second task, I discuss three issues: the minimized translation errors, which is required to alleviate anharmonicity/malfunction of the amino acid sequence of the viral protein; defined polarities of amino acids; and inversion numbers, which are part of a new index. The index numbers appear to be useful in determining susceptibility to base replacements, despite the chemical surroundings.
As a prologue to the second task, I investigate two subjects. First, I examine whether base 18 replacements at the third position may be ignored in this study. For this purpose, a population of alterations of amino acids and INs is shown in Table 3 . , it is likely that mutations at the first and secondbases (about 40% of all base replacements) may be involved in the evolution of new strains. The base replacements at the third position (about 5% of all base replacements) may be ignored in this paper, because the main aim of this paper is to examine whether mutations are associated with base changes between two special congener codons.
Next, I confirm a familiar rule: mutations favor base replacements of adenine (A) and guanine (G), or cytosine (C) and uracil (U) over mutations of other bases, regardless of the position of the base. In other words, red line mutations occur preferentially to blue line mutations.
Indeed, Table 4 shows that the population of red line mutations is approximately three times the size of the population of blue line mutations. This result nearly corresponds to the conventional view of mutations, which suggests that a 'transition' is better fitting than a 'transversion'
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Table 4 Population of codon base mutation combinations (H3N2)
* : The meaning of red and blue line mutations is described in Fig. 1 .
This familiar view represents a general rule that two bases that are alike are chemically similar to each other in terms of function, activity or structure. In this case, a base will be substituted for a 'like' base when base replacements occur. However, a chemically similar trait 21 is not necessarily identical to a biologically similar trait: life systems will not accept excessive random replacements of a codon base to sustain their life. In other words, the influenza virus will set some limits on base replacements/evolution, because the excessive random replacements of the codon bases in virus genes will lead to a malfunction/disruption in the amino acid sequences of viral proteins. The amino acid substitutions encoded by the influenza RNA segments must be errorminimized under specific conditions. Therefore, the first part of the second task is to examine the relationship between translation errors minimization and base replacements in the influenza HA gene. Swanson proposed a codon ring to show the minimized translation errors of the genetic codes 12 . I have linked this ring to the group number in the proposed table, (Table 1) 1 . Fig. 2 shows single point mutations at the first and second bases in the researched strains, written on Swanson's codon 22 ring. Mutations at the third position are not considered because, as mentioned above, most mutations at the third position result in a synonymous substitution (see Table 3 ) and therefore exert only minor effects on the structure of the protein.
Figure 2 The first (a) and second base replacements (b) on Swanson's codon ring (H3N2).
In this errorresistant binary encoding scheme, which is based on the principle of minimum change coding (a Gray code), amino acids that are alike have codons that are alike, and the circular path from a given codon in Fig. 2 describes a route of minimum differences through the 64 codons. The path is a closed loop. Indeed, four codons sandwiched between two broken lines in Fig. 2 are members of a congener group in Table 1 (the minimum number of their   23 codon numbers is the group number). " Like codons" in the same congener group are located in a nearby region on the codon ring. It is important to note that many of the congeners code for the same amino acid from the buildup principle described in Table 1 . For example, four codon numbers, 44, 28, 60, and 12, located just before the 6 o'clock position, belong to group 12 and all of them code for leucine (see Table 1 ). Some groups contain two types of amino acids, such as groups 5 and 6. Based on these considerations, I put forth the following hypothesis:
Hypothesis: A single point mutation with minimum translation errors will occur preferentially between the nearest neighbor codons on the codon ring in order to alleviate potential anharmonicity/malfunction of the amino acid sequence of the viral protein. Conversely, as the distance between two codons on the codon ring becomes longer, the mutation will have a lower probability, because the longer distance impairs the minimum translation error.
This hypothesis was initially applied to group 5. The dependence of the mutation probability upon the distance between two codons was then examined. Therefore, a controversial matter is the mutation population at each location in the codon ring. Table 5 shows the dependence of the mutation population on the onring distance between two codons. Distance †: The onring distance is defined by the number of circular arc segments lying between the two codons and hence the distance between two adjacent codons is 1. Table 5 shows that the third base replacements are generally predictable by the hypothesis, but that the first and second base replacements are not necessarily predictable. Stated differently, keeping the translation errors to a minimum results in a predominance of mutations at the third position; the third base replacements will take precedence over the first and second ones. Specifically, for the third base replacements, all of the red line 27 mutations have a minimum distance of 1 (mutations between the neighboring codons), but many of the blue line mutations at the same position prefer the secondbest distance of 2 (Table 5c ). In contrast, in the first (Table 5a ) and second base replacements (Table 5b) , red line mutations prefer to have the second and thirdbest distances (3 and 5, respectively) than the minimum distance. That is particularly notable for the second base replacements. The disagreement between the mutation expected from the hypothesis and the observations is conceivably due to a slight mismatch between the mathematical/formal description and the actual function of nucleotides or amino acids. Consequently, from the first clue, some codons located at the upperleft of the codon ring have larger mutation populations and, in the context of the periodic table, these codons lie in the groups 5, 6, 9, and 10 in the proposed table (Table 1) .
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With regard to the second clue of the second task, the description is expected to more closely approximate the context of the chemical settings. First, the polarity of the amino acids was examined. When an amino acid in HA is replaced, it reacts under aqueous environments, which indicates that its polarity plays an important role.
Jungck reported that the genetic anticode could be organized by nucleotide hydrophilicities 6 .
He made a 4by4 table of the genetic anticode through the systematic arrangement of mononucleotides and dinucleotides (of the second and third positions) of anticodons. Each box of Jungck's table is composed of congener members of one group shown in Table 1 . Fig. 3 shows the red line mutations of the first and secondposition bases placed in the Jungck's table.
29 In the context of the codon ring, four boxes (groups 0, 3, 12, and 15) of the upperleft region in Fig. 3 are arranged in four groups at the lowerright in the ring; four boxes (groups 5, 6, 9, and 10) at the lowerright in Fig. 3 are arranged in four groups at the upperleft in the ring; and four boxes at the upperright (groups 4, 7, 8, and 11) or lowerleft (groups 1, 2, 13, and 14) in Fig. 3 are arranged in four groups in the same region of the ring. From the data described above, one can observe that all of the first, second, and third base replacements have the largest mutation population in the upperleft region of the codon ring (46%: 51 cases of red line mutations, 110 in total, see Table 5 ) and that the region's seven amino acids are the most polar, least bulky, and least hydrophobic (see Figs 2 and 3) . In terms of the periodic table, the amino acids encoded by groups 5, 6, 9, and 10 are most susceptible to mutation.
These data also suggest that mutation of the HA gene, which may create a new strain of influenza virus, will be highly affected by strongly polar conditions, including a water environment, and ionic strength. The most polar, least bulky, and least hydrophobic amino acids (those having the largest value of Woese et al.'s polar requirement) have precedence over less polar amino acids in these mutation reactions. Therefore, the stronger the molecular polarity, the stronger the molecular coupling with waterenvironment molecules/ions. This association will be pivotal for the first and second base replacements, which often produce nonsynonymous mutations 92% of their base replacements (56 of 61 cases) alter the encoded amino acid (see Table 3 ).
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The most polar, least bulky, and least hydrophobic amino acids, however, are not overwhelmingly preferential to the least polar, most bulky, and most hydrophobic amino acids with regard to mutation frequency, because groups 4 and 8, which encode amino acids H, Q, and R and belong to the upperright region in the codon ring (the same location in Fig. 3 ), do not have a large mutation population (see Figs 2 and 3, and Table 5 ). Furthermore, the least polar, most bulky, and most hydrophobic amino acids in the lowerleft and lowerright regions of Table 5a (those encoded by Woese's amino acid polar requirement generally increases from the left to the right of the table.
The nine amino acids in the six boxes of groups 4, 5, 6, 8, 9, and 10 are the most polar, least bulky, and least hydrophobic amino acids (the minimum number in each box is the group number in Table 1 ). The eleven amino acids in the nine boxes of groups 0, 1, 2, 7, 11, 12, 13, 14, and 15 are the least polar, most bulky and most hydrophobic amino acids.
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